Introduction
============

Biologic drugs such as abatacept, adalimumab, anakinra, certolizumab pegol, etanercept, golimumab, infliximab, rituximab, secukinumab, and tocilizumab have made significant impact in the treatment of rheumatoid arthritis and other inflammatory diseases.[@b1-btt-11-013] These therapies specifically target key modulators of the inflammatory response, such as proinflammatory cytokines, lymphocytes (eg, T- or B-cells), and cell surface receptors.[@b2-btt-11-013] Although biologic therapies have demonstrated clinical efficacy, availability and patient access to these therapies may be limited, which can impact patient outcomes.[@b3-btt-11-013] Legislation and guidelines from regulatory agencies that allow development and approval of biosimilars may help increase patient access and improve disease outcomes.

Recently, the first biosimilars for inflammatory diseases have been approved by the European Medicines Agency (EMA), the US Food and Drug Administration (FDA), and regulatory agencies from other countries ([Table 1](#t1-btt-11-013){ref-type="table"}).[@b4-btt-11-013]--[@b9-btt-11-013] As other patents and data protection periods expire, additional biosimilars of biologic drugs currently used in inflammatory diseases are expected.

To make well-informed decisions about appropriate clinical use of a biosimilar, it is important for health care providers to understand and be able to analyze data generated from a biosimilar development program objectively. To help in this process, we use the biosimilar guidelines and examples from infliximab biosimilars to review the terminology and potential types of analyses that may be used to compare potential biosimilars to the originator biologic to demonstrate similarity.

Definition of a biosimilar
==========================

As defined by the FDA, a biosimilar is a biologic product that is "highly similar to a reference product (a licensed biologic product \[hereafter also referred to as an originator or originator biologic\]) notwithstanding minor differences in clinically inactive components."[@b10-btt-11-013] In addition, there must be demonstration that there are "no clinically meaningful differences between the \[biosimilar\] biological product and the \[originator\] reference product in terms of the safety, purity, and potency of the product."[@b10-btt-11-013] In contrast to a generic copy of a small-molecule (chemical) drug, which can be fully defined structurally and reproduced with an identical chemical structure, a biosimilar cannot be identical to the originator biologic. This is because biologic drugs are made in living cells, and the proprietary manufacturing processes are specialized and never fully disclosed by the manufacturer of the originator.[@b11-btt-11-013] Therefore, the biosimilar developer will use its own manufacturing processes that may involve different biologic systems.[@b10-btt-11-013] These different processes and systems may result in minor differences between the products.[@b10-btt-11-013] A key goal is to determine whether there are sufficient relevant similarities in chemical composition, biologic activity, and pharmacokinetic aspects between the potential biosimilar and the originator.[@b11-btt-11-013] Differences between the biosimilar and the originator biologic must be understood and justified as to their relevance to safety and efficacy of the product.[@b10-btt-11-013]

The goal of the regulatory approval pathway for biosimilars is to develop a molecule with similar physicochemical properties, efficacy, and safety as the originator biologic. To ensure that biosimilars provide a safe and effective treatment that is similar to the originator, extensive quality control measures are in place, including a direct, comprehensive, comparative analysis of the potential biosimilar to the originator. There are some biologic products developed with the intention of being similar to an originator product that do not undergo a comprehensive side-by-side analytical, nonclinical, or clinical comparison established by the EMA, the FDA, and the World Health Organization (WHO). These products are considered "intended copies" or "noncomparable biologics" rather than biosimilars.[@b12-btt-11-013] For those products that will undergo comprehensive comparison, the demonstration of biosimilarity is conducted via a stepwise approach integrating multiple measures to characterize these complex products.[@b11-btt-11-013]

Overview of regulatory approval of a biosimilar
===============================================

As described, due to the complex nature of biologics, biosimilars are not considered generic equivalents of the originator biologic.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] Therefore, regulatory approval for a potential biosimilar requires more data than for approval of a small-molecule generic.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] Regulatory agencies worldwide, such as the EMA and the FDA, as well as the WHO, have developed guidelines for the approval of biosimilar products ([Table 2](#t2-btt-11-013){ref-type="table"}).[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] Most countries have adopted the principles from one or more of these regulatory guidelines (outside the USA, the majority follow the EMA or WHO guidelines), but some countries are not as strict and allow licensing of products without strict evaluation of efficacy and safety.[@b16-btt-11-013]

The EMA, FDA, and WHO guidelines have laid out generally similar requirements for approval of a biosimilar, including demonstration of biosimilarity, along with the use of a stepwise approach to develop the evidence and the provision that the recommendation for approval is based on the "totality of the evidence" for biosimilarity.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] The stepwise approach enables the biosimilar developer and the regulatory agencies to determine the extent of residual uncertainty of biosimilarity at each step of development and to identify additional relevant studies and analyses that may be needed to resolve this uncertainty.[@b17-btt-11-013] Totality of the evidence means that the application for regulatory approval for a potential biosimilar includes a comprehensive data package from all stages of development (ie, analytical and functional comparability, animal studies, and clinical data). For biosimilars, the primary focus of the comparability exercise is on analytical similarity and not on clinical efficacy and safety studies.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] This exercise is analogous to comparisons performed after manufacturing changes of the originator.[@b18-btt-11-013] However, the biosimilarity exercise is more extensive and addresses some fundamental differences between the proposed biosimilar and the originator, including use of a different cell line and manufacturing processes versus the originator; thus, more data are required to ensure that the biosimilar has similar clinical efficacy and safety.[@b18-btt-11-013] Although regulatory agencies acknowledge that some studies could be performed in parallel, and this would be permissible, in most cases, the recommendation is to follow the stepwise approach to allow the developer to incorporate feedback provided after agency review of the data and information collected at specific milestones and thus facilitate regulatory approval.[@b10-btt-11-013],[@b15-btt-11-013]

To demonstrate biosimilarity, developers usually conduct several types of studies to compare safety, purity, and potency. The types of studies conducted may vary, and no firm set of requirements has been established, although the regulatory guidelines identify broad categories of types of data that may support the demonstration of biosimilarity. These categories include extensive analytical characterization and comparison demonstrating that the biological product is highly similar to the originator biologic; nonclinical animal studies, including assessment of toxicity; and a clinical study (or studies) to demonstrate similar pharmacokinetics (PK), safety, efficacy, and immunogenicity ([Table 3](#t3-btt-11-013){ref-type="table"}).

It is a common misconception that there are specific types of analyses or specific assays required for all biosimilar (or even for originator biologic) development programs, although developers may use similar methods for evaluating potential biosimilars. Instead, the choice of appropriate analyses will depend on the characteristics of the originator, and decisions are made on a case-by-case and agency-by-agency basis. In addition, it is likely that regulatory processes, types of analyses, and the amount of data required in approval applications will evolve as more biosimilars are evaluated.

Data considerations for regulatory approval of biosimilars
==========================================================

It is important for health care providers to understand that the biosimilar approval pathway tends to place a greater emphasis on data from comparative analytical studies and less on clinical trials, which is in contrast to the approval pathway for a novel biologic. There are several reasons for this. First, biosimilars do not require proof of the mechanism of action because, by definition, this is the same as the originator biologic agent.[@b15-btt-11-013] Second, dose-finding studies are not required for a potential biosimilar since the optimal dose has been established for the originator biologic. In addition, the goal of confirmatory clinical trials is demonstration of similar efficacy and safety (including comparable potency, PK, pharmacodynamics \[PD\], and immunogenicity) between the biosimilar and the originator biologic.[@b14-btt-11-013],[@b15-btt-11-013] Finally, the goal of the clinical trial program is not to re-establish patient benefit, since this has already been demonstrated through the clinical studies conducted by the developer of the originator.

To adequately develop a product that is similar to an approved biologic therapy, developers of biosimilars must analyze the originator biologic extensively. Since manufacturing processes are proprietary, the developer of a potential biosimilar must employ a process of reverse engineering. This requires substantial knowledge and expertise regarding the development and manufacture of biologics to determine structural and functional properties of the originator and then mimic these properties as closely as possible in the potential biosimilar. Analyses used to fully characterize the originator can also be employed subsequently to demonstrate similarity of the biosimilar to the originator. Thus, it is likely that the number of analyses performed to demonstrate structural and functional biosimilarity may be greater than those included as part of the originator's license application. This results in a significant amount of analytical similarity data for a potential biosimilar and the originator biologic for the regulatory approval process.

The similarity assessment conducted as part of the analytical evaluation includes an extensive structural and functional characterization and comparison between the proposed biosimilar and the originator using state-of-the-art analytical methods. For example, regulatory agencies expect detailed analysis of primary amino acid sequences for the potential biosimilar and the originator biologic.[@b10-btt-11-013],[@b14-btt-11-013] If minor differences in primary structure such as N- or C-terminal truncations are identified, the effects on safety and efficacy should be evaluated and explained by the sponsor to confirm that these differences do not change product performance.[@b10-btt-11-013],[@b14-btt-11-013] Additional data should also be provided from relevant characterization studies, including higher order structural analyses (assessed, eg, via circular dichroism among other techniques), posttranslational modifications (assessed, eg, as glycosylation analysis via mass spectrometry), biological activity (assessed by a number of bioassays, such as target-binding affinity or cell-based bioassays), and any other relevant characteristics.[@b10-btt-11-013],[@b13-btt-11-013]--[@b15-btt-11-013],[@b19-btt-11-013]--[@b21-btt-11-013]

The demonstration of structural similarity should be completed before progression to the next step of development, but the exact nature of the analyses and data vary. There is no established set of required analyses, although most biosimilar developers will conduct several studies to confirm that the biosimilar has a similar quality target product profile as the originator. For example, if the data published for potential biosimilars to infliximab are compared, the types of analyses conducted vary ([Table 4](#t4-btt-11-013){ref-type="table"}). It should be noted that the data published likely represent only a portion of the full analytical assessments conducted on a particular biologic and potential biosimilar; more data may be disclosed in future publications, documents released from regulatory agencies, or the product label.

Nonclinical studies are conducted to demonstrate that the biosimilar acts on the same target or physiologic process and has similar toxicity as the originator ([Table 4](#t4-btt-11-013){ref-type="table"}).[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] Generally, nonclinical studies include animal studies to assess similarity of in vivo activity and toxicokinetics. However, animal studies need to be justified and, in some cases, may not be necessary if no issues that would require additional characterization before the potential biosimilar can be assessed in clinical studies (eg, factors that could impact PK, such as extensive glycosylation) are identified or if a relevant in vivo animal model is not available.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] When appropriate, these studies may parallel or replicate studies conducted for the originator biologic.

Clinical data considerations for biosimilars
============================================

The clinical trial program for a potential biosimilar includes assessments of PK, clinical efficacy, clinical safety, and immunogenicity with the aim to show the similarity of the potential biosimilar to the originator ([Table 4](#t4-btt-11-013){ref-type="table"}).[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] As described, clinical benefit of a biosimilar is expected, by definition, to be the same as that of the originator, so clinical trials evaluating efficacy of the biosimilar versus a placebo or dose-finding studies are not required.[@b13-btt-11-013],[@b14-btt-11-013] Instead, clinical trials are specifically designed as a final comparative evaluation step(s) and to confirm whether the product can be considered a biosimilar, as well as to address remaining residual uncertainty. Regulatory agencies advise that, whenever possible, the design and conduct of clinical studies should be performed in a way to maximize the contribution to demonstrating biosimilarity (ie, sensitive to detect clinical meaningful differences should they exist).[@b10-btt-11-013]

The first step of a tailored clinical trial program usually begins with a clinical PK comparison to the originator biologic; however, PK and PD may be evaluated in a combined study if appropriate PD markers exist.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] Generally, PK assessments are conducted in healthy volunteers to reduce variability unrelated to differences between products. This may not always be appropriate, however, if the originator biologic causes pharmacologic effects that would be unacceptable for healthy volunteers but appropriate in a patient population.[@b13-btt-11-013],[@b14-btt-11-013]

After PK similarity is demonstrated, a clinical comparative study (or studies) is conducted in patients.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] The study is conducted using a sensitive population and method to identify any potential differences in efficacy, safety, or immunogenicity. Thus, it is possible that the population in clinical trials evaluating a potential biosimilar may not be the same as that employed in pivotal clinical trials for the originator.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013]

Clinical trials to compare clinical efficacy end points between the biosimilar and the originator should usually be conducted as equivalence studies.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] In contrast to the design employed to evaluate a novel therapeutic, which is commonly a superiority trial (its primary objective is to show the investigational product is superior to an active or placebo control), equivalence trials are designed to evaluate differences in response between two treatments to support the hypothesis that the biosimilar and originator have no clinically meaningful differences and that neither agent is superior or inferior to the other.[@b14-btt-11-013],[@b22-btt-11-013] Equivalence of two treatments is demonstrated when the entire confidence interval of the treatment difference lies within a prespecified range of clinically acceptable differences (ie, the lower and upper equivalence margins established prior to the experiment or study).[@b23-btt-11-013] Occasionally, noninferiority studies, which evaluate whether a biosimilar is not clinically inferior to the originator (thus, using only one margin), may be employed for assessment of biosimilars if the study population and end point(s) are appropriate and sufficient scientific justification is provided.[@b14-btt-11-013],[@b22-btt-11-013] For example, establishing that the originator biologic reaches target saturation at the clinical dose used in the clinical trial may indicate that a noninferiority study design is sufficient.[@b10-btt-11-013]

End points selected for demonstrating comparable efficacy and safety must allow determination of whether any clinically meaningful differences exist between the potential biosimilar and the originator.[@b10-btt-11-013] Since some end points (such as PD measures) are more sensitive than clinical end points, these may be selected as the primary end points of a biosimilar clinical study to enable more precise comparisons to the originator.[@b10-btt-11-013] This means that the primary end points employed may not be the same as those used in the pivotal clinical trials for the originator, although the regulatory guidelines recommend inclusion of some common end points at least as secondary end points to enable comparisons across products.[@b10-btt-11-013],[@b13-btt-11-013] End points that could be used to evaluate efficacy in potential biosimilars with inflammatory disease indications include the American College of Rheumatology 20% response rate, the Disease Activity in 28 joints score, the Crohn's Disease Activity Index, the Ankylosing Spondylitis Disease Activity Score, and the Psoriasis Area and Severity Index score.[@b24-btt-11-013]

In addition to the potential for differences in the patient population and study end points, the entire clinical program of the originator should not need to be replicated for approval of the biosimilar because the guidelines indicate that extrapolating efficacy and safety data from clinical studies of the potential biosimilar to other indications may be possible.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] Extrapolation is the approval of a biosimilar for use in an indication held by the originator that is not directly studied in a comparative clinical trial with the biosimilar through the use of all data collected (the totality of the evidence from all comparability analyses, not just the clinical data).[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] Extrapolation is core to the concept of biosimilarity and reduces or eliminates the need for duplicative clinical studies for the biosimilar in multiple indications.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] The decision to grant approval in other indications is based on the totality of the evidence via extrapolation and conducted on an agency-by-agency and case-by-case basis.[@b10-btt-11-013],[@b13-btt-11-013],[@b14-btt-11-013] Thus, various regulatory agencies may arrive at different decisions as to whether to allow extrapolation of the data for a given potential biosimilar. This was the case of the recent regulatory approvals for the biosimilar infliximab products Remsima and Inflectra that were granted approval for the full range of indications of the originator biologic by EMA, whereas Health Canada initially did not grant approval across all indications due to functional differences between products, which correlated with pertinent differences in the mechanism of action that did not support extrapolation to Crohn's disease and ulcerative colitis.[@b25-btt-11-013]--[@b28-btt-11-013] More recently, Health Canada approved Remsima and Inflectra for Crohn's disease, fistulizing Crohn's disease, and ulcerative colitis.[@b29-btt-11-013] The additional indications were approved based on similarity between the biosimilar and originator in product quality, mechanism of action, disease pathophysiology, safety profile, dosage regimen, and on clinical experience with the originator.[@b29-btt-11-013] In addition, data from prospective studies in IBD are becoming available.[@b30-btt-11-013]--[@b32-btt-11-013]

At the time of regulatory approval of any drug, the data from clinical studies are usually too limited to identify all potential safety issues, particularly rare but potentially serious adverse events.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] Thus, as typically occurs with a novel biologic, ongoing postmarketing safety monitoring for an approved biosimilar will likely be needed to evaluate long-term safety and, thus, plans are included in applications for regulatory approval.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] These plans should be based on any known safety signals associated with the originator, known risks associated with the drug class, and any novel safety concerns arising during evaluation of the biosimilar, but typically do not require a specific number of subjects.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013] In addition, although immunogenicity is evaluated as part of the clinical safety studies of the potential biosimilar, ongoing postapproval follow-up is expected to specifically monitor long-term immunogenicity.[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013]

Some physician groups have expressed concerns about switching between the originator and biosimilars, particularly if this is conducted via automatic substitution at the pharmacy.[@b33-btt-11-013] However, several studies conducted have shown that patients who switched to an infliximab biosimilar had similar efficacy and tolerability to those who continued on the originator in patients with RA, AS, and IBD.[@b30-btt-11-013],[@b34-btt-11-013]--[@b36-btt-11-013] This is an area that will continue to be examined closely as more data, and additional biosimilars become available.

Summary and conclusion
======================

As more biosimilars are approved, the availability of additional treatment options may change the treatment of inflammatory and rheumatic diseases through increased access to biologics. The regulatory approval process for biosimilars relies on a considerable amount of data from all stages of development, particularly physicochemical and functional comparisons. Regulatory decisions are made on a case-by-case and agency-by-agency basis, and therefore not all biosimilars for a given originator may receive the same approvals worldwide. In addition, the amount of data available for health care providers to review to make prescribing decisions may differ and may not cover the full breadth of data supporting demonstration of biosimilarity. Health care providers should expect to see different types of (and likely less) clinical data than what they usually see for originator products. Understanding how regulatory agencies make decisions for approval and what data are available for review can help health care providers have increased confidence in biosimilars. In addition, because product labeling and prescribing information policies are not consistent across regulatory agencies globally and may provide varying amounts of data in the product label, which demonstrates similarity of the biosimilar to the originator, health care providers should review the literature to gain further information about specific biosimilars.
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###### 

Recently approved biosimilars for inflammatory diseases

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Biologic     Originator brand name (manufacturer)                                                                 Biosimilar brand name (manufacturer)
  ------------ ---------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------
  Infliximab   Remicade (Janssen Biotech, Horsham, PA, USA, and Janssen Biologics B.V., Leiden, the Netherlands).   Remsima (Celltrion Healthcare Hungary Kft, Budapest, Hungary)[a](#tfn1-btt-11-013){ref-type="table-fn"}\
                                                                                                                    Flixabi (Samsung Bioepis, Chertsey, UK)

  Etanercept   Enbrel (Amgen Inc., Thousand Oaks, CA, USA, and Pfizer Inc, Sandwich, UK \[EU\]).                    Benepali (Samsung Bioepis, Chertsey, UK)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Remsima is also marketed as Inflectra (Hospira, Maidenhead, UK) in the EU.

**Abbreviation:** EU, European Union.

###### 

Overview of regulatory requirements for biosimilars

                                EMA guidelines[@b15-btt-11-013]                                                                   FDA guidance[@b10-btt-11-013]                                                                                             WHO guidelines[@b14-btt-11-013]
  ----------------------------- ------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Analytical in vitro studies   Target binding; signal transduction, functional activity/viability of cells of relevance          Structural analyses, functional assays                                                                                    Receptor-binding or cell-based assays
  Nonclinical in vivo studies   May not require animal studies (risk- based approach)[a](#tfn4-btt-11-013){ref-type="table-fn"}   Animal toxicity assessments, animal PK and PD measures, animal immunogenicity[b](#tfn5-btt-11-013){ref-type="table-fn"}   Relevant biologic/PD activity, toxicity
  Clinical studies              Comparable PK, PD (if feasible), clinical efficacy, clinical safety confirmation studies          PK and/or PD, immunogenicity                                                                                              PK, PD, (confirmatory PK/PD), efficacy, safety
  Extrapolation                 Sufficient scientific evidence (total evidence) must support                                      Sufficient scientific justification required                                                                              Requires sensitive clinical test model, clinically relevant mechanism of action and/or same receptor, no unique issues identified in safety and immunogenicity studies, and noninferiority demonstrated in efficacy trial

**Notes:** Adapted from Socinski MA, Curigliano G, Jacobs I, Gumbiner B, MacDonald J, Thomas D. Clinical considerations for the development of biosimilars in oncology. *MAbs*. 2015;7(2):286--293.[@b37-btt-11-013]

If in vitro comparability is satisfactory and does not identify any factors that would block direct entry to humans.

Discussions between the FDA and the developer may potentially indicate that animal studies are not necessary.

**Abbreviations:** EMA, European Medicines Agency; FDA, US Food and Drug Administration; PD, pharmacodynamics; PK, pharmacokinetics; WHO, World Health Organization.

###### 

Examples of the types of analyses that may be used to demonstrate similarity of a potential biosimilar to the originator biologic

  Analysis                                  Type of similarity   Example of methods employed
  ----------------------------------------- -------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Protein characterization                  Structural           Liquid chromatography and mass spectrometry peptide mapping[@b38-btt-11-013],[@b39-btt-11-013]
  Biological activity functional bioassay   Functional           Cell-based binding affinity (eg, tumor necrosis factor binding for infliximab biosimilars)[@b38-btt-11-013]
  In vivo toxicity and toxicokinetics       Nonclinical          Repeat-dose toxicity study in a relevant species and including toxicokinetic measurements[@b10-btt-11-013],[@b14-btt-11-013]
  Clinical PK                               Clinical             Comparative human PK study employing a sensitive population, dose(s), and route of administration that allow detection of whether differences in PK exist[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013]
  Clinical efficacy                         Clinical             Comparative efficacy for the potential biosimilar and originator using sensitive clinical end points (usually designed as an equivalence study)[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013]
  Clinical safety                           Clinical             Comparative safety including immunogenicity[@b10-btt-11-013],[@b14-btt-11-013],[@b15-btt-11-013]

**Abbreviation:** PK, pharmacokinetics.

###### 

Samples of the types of data that may support demonstration of biosimilarity (using potential biosimilars approved or in development for infliximab as an example)[a](#tfn8-btt-11-013){ref-type="table-fn"}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Biosimilar/potential biosimilar (manufacturer)                                            Analysis                                                                                                                                                                                                                Published data
  ----------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  CT-P13 (Celltrion Inc and Hospira UK Limited)[b](#tfn9-btt-11-013){ref-type="table-fn"}   Analytical                                                                                                                                                                                                              Physicochemical analysis demonstrated the same amino acid sequence (primary structure), nearly identical chromatographs to the originator biologic without any missing peaks or shifts in retention time under visual inspection of the tryptic peptide map by HPLC, similar purity, overall glycosylation levels, and biological activity based on in vitro TNF neutralization activity, TNF-binding affinity in an ELISA, and cell-based TNF-binding affinity; compared with infliximab available in the EU; peak ratios of the two compounds as detected via IEF and IEC-HPLC varied over six peaks although biologic potency was not different[@b38-btt-11-013]

  Clinical                                                                                  Equivalent efficacy to infliximab in a Phase III study in patients with active RA when coadministered with MTX with comparable PK, safety, and immunogenicity[@b36-btt-11-013]\                                         
                                                                                            Equivalent PK to infliximab, with comparable efficacy and safety up to week 30 in a Phase I study in patients with active AS[@b34-btt-11-013]\                                                                          
                                                                                            In combination with MTX, PK equivalence, and 54-week efficacy comparable with infliximab in Japanese patients with RA[@b35-btt-11-013]\                                                                                 
                                                                                            Comparable efficacy and safety relative to originator for treatment of IBD in a small retrospective study[@b40-btt-11-013]\                                                                                             
                                                                                            Induction therapy in Crohn's disease and ulcerative colitis was safe and effective in a small, single-center study[@b41-btt-11-013]                                                                                     

  PF-06438179 (Pfizer Inc)                                                                  Analytical                                                                                                                                                                                                              Peptide mapping showed superimposable chromatographic profiles (demonstrating structural similarity) and dose--response curves of inhibition of cell apoptosis were superimposable (demonstrating functional similarity) compared with both infliximab sourced from the US and EU[@b39-btt-11-013]

  Nonclinical                                                                               Systemic exposures (assessed by Cmax and AUC) in rats were similar to infliximab sourced from the EU, with similar tolerability and no indication of ADA development[@b39-btt-11-013]                                   

  Clinical[c](#tfn10-btt-11-013){ref-type="table-fn"}                                       In a Phase I study in healthy volunteers, PK similarity to infliximab sourced from the US and the EU, with similar safety and tolerability and comparable immunology (ADA) profile[@b42-btt-11-013],[@b43-btt-11-013]   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Publications identified using the search term "biosimilar infliximab" on PubMed or Web of Science databases. All data for a given potential biosimilar may not have been published at the time PubMed and Web of Science databases were searched.

Marketed as Remsima (Celltrion Inc, Incheon, Republic of Korea) and Inflectra (Hospira UK Limited, Warwickshire, UK).

A comparative clinical study is ongoing at the time of this manuscript development.

**Abbreviations:** ACR20, American College of Rheumatology 20% improvement criteria; ADA, antidrug antibody; AS, ankylosing spondylitis; AUC, area under the plasma concentration--time curve; Cmax, maximum plasma concentration; ELISA, enzyme-linked immunosorbent assay; EU, European Union; HPLC, high-performance liquid chromatograph; IBD, irritable bowel disease; IEC, ion exchange chromatography; IEF, isoelectric focusing; MTX, methotrexate; PK, pharmacokinetics; RA, rheumatoid arthritis; TNF, tumor necrosis factor.
